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Environmental factors may strongly affect avian-biting fly interactions in different ways because insects are heterothermic 
organisms that depend greatly on environmental  variables to activate their metabolism and behaviour. We studied the 
effects of weather on both blackfly (Simuliidae) and biting midge Culicoides (Ceratopogonidae) abundance in nests of 
three passerine species: blue tits Cyanistes caeruleus, great tits Parus major and pied flycatchers Ficedula hypoleuca, breeding 
in the same area. We controlled for different host-related factors (hatching date, brood size and host species). Blackfly 
abundance was negatively related to minimum temperature. In addition, blackfly and biting midge abundances were 
negatively affected by wind speed measured at 07.00 h, but blackfly abundance  was positively associated to wind speed at 
18.00 h. We found higher blackfly and biting midge abundances in nests with larger broods breeding later in the season, 
and significantly higher biting midge abundance in pied flycatcher nests as compared to tit nests. These results represent, 
to our knowledge, the first report of both environmental and host-related effects on haematophagous fly abundance in the 
nests of wild hole-nesting birds. 
 
 
Haematophagous  flies are important organisms potentially 
affecting different host life history traits (Smith et al. 1998, 
Toma´s et al. 2008b). Several factors affect the interactions 
between these insects and their hosts. Locating hosts is a 
complex behavioural activity that enhances the probability 
of contact of these insects with their blood meal source 
(Sutcliffe 1986). This behaviour is driven by a diversity of 
stimuli including visual and olfactory cues (Bradbury and 
Bennett 1974, Sutcliffe 1986, Bowen 1991). Also, environ- 
mental factors may strongly affect animal-haematophagous 
fly interactions  in  different ways because insects are 
heterothermic organisms that depend greatly on environ- 
mental variables to activate their metabolism and behaviour. 
An extensive  literature on flying insects has reported the 
concomitant  effects of temperature and many other weather 
variables such  as  rainfall or  wind  speed  affecting on 
breeding, abundance, survival and activity of haematopha- 
gous species (Shipp et al. 1988, Martin et al. 1994, Bishop 
et al. 1996, Kettle et al. 1998, Su and Mulla 2001), as well 
as on host-ectoparasite interactions (i.e. Merino and Potti 
1996, Smith et al. 1998). In addition, the role of nest 
humidity affecting ectoparasite infracommunity structure 
has also been reported (Heeb et al. 2000). Nevertheless, 
there  is  a  scarcity of  information about  the  effects of 
weather  on   haematophagous   fly  abundance  in   avian 
nests. Smith et al. (1998) reported a decrease in black- 
fly abundance in red-tailed hawk nests when ambient 
temperatures were below 148  C.  Variation in  weather 
conditions may also partly explain the  haematophagous 
fly abundance found in blue tit nests in different breeding 
seasons (Toma´s  et al. 2008a). 
Blackflies  (Diptera: Simuliidae) are small, dark, stout- 
bodied insects with a wide geographic distribution (Kettle 
1995, Lehane 2005). Most adult blackflies are essentially 
diurnal, many showing a bimodal behaviour pattern with 
maximum activity in  the  early morning  and  afternoon 
(McCreadie et al. 1985, Grillet et al. 2005, Lehane 2005). 
Although there are some reports of nocturnal blackfly 
activity, the level of activity is low (McCreadie et al. 1985) 
and there is no evidence of blackflies attacking birds after 
dark (Bennett 1960). Biting midges in the genus Culicoides 
(Diptera: Ceratopogonidae) are distributed worldwide, and 
include more than 1400 species (Mellor et al. 2000). Most 
biting midges are crepuscular or nocturnal, with activity 
peaks during the evening and the first half of the night 
(Marquardt et al. 2000, Lehane 2005). This  is  the case 
especially during  spring, summer and  autumn  when a 
pronounced burst of activity at sunset is found in different 
biting midge species (Kettle et al. 1998). Both blackfly and 
biting midge females feed on  many animals, including 
mammals and birds (Kettle 1995, Marquardt et al. 2000, 
Malmqvist et al. 2004), and  play an important  role as 
vectors of a diversity of pathogens (Fallis and Bennett 1958, 
Mellor et al. 2000, Mullens et al. 2006). 
The aim of this study is to identify the effects of different 
weather variables on blackfly and biting midge abundance 
 
in nests of three coexisting wild hole-nesting avian species, 
the blue tit Cyanistes caeruleus, the pied flycatcher Ficedula 
hypoleuca and the great tit Parus major. These avian species 
differ in  several aspects of  their  breeding phenology 
including laying date, brood size and the duration of the 
nestling period (see Cramp 1998), and we control for these 
biotic factors in our analysis. 
 
 
Methods 
 
Our  study was carried out during the spring of 2007 in 
coexisting populations of  great tits,  blue tits  and  pied 
flycatchers breeding  in  nest-boxes in  a  Pyrenean oak 
Quercus pyrenaica forest (Valsaı´n, 408 53?74N,  48 01?W, 
1.200 m   a.s.l.).  Wooden  nest-boxes were  hung  from 
branches at about 4 m above the ground. Periodical visits 
in the course of the breeding season allowed us to record 
hatching date and brood size of each nest. To capture flying 
insects, we placed inside and close to the roof of each nest- 
box a plastic Petri dish (8.5 cm diameter; 56.7 cm2) with a 
thinly spread layer of commercially  available body gel-oil 
following the method described and tested by Toma´s et al. 
(2008a).  Petri  dishes were placed in  nest-boxes when 
nestlings were 10 d old for great and blue tits and 9 d old 
for pied flycatcher nestlings, and  they were maintained 
during a period of 3 d. Toma´s et al. (2008a) previously 
reported that nest boxes without broods attract almost no 
biting flies. Although daily changes of Petri dishes could 
provide data to detect daily variation in biting flies activity, 
this possibility was discarded to reduce avian disturbance 
during reproduction that could result in nest desertion. 
When  Petri  dishes were removed from  the  nest-boxes, 
the  number  of nestlings  in  each nest was recorded. In 
the laboratory, we quantified blackfly and  biting midge 
abundance collected in Petri dishes under a binocular lens 
(Motic K700; 46.5 xmagnification).  The results reported 
here include only control nests from several  experiments 
carried out in our avian populations. We include in these 
results the treatment group from an experiment supplying 
snail shells to great and blue tits. This treatment had no 
significant effect on insect abundance (all P >0.34). 
The Spanish National Meteorological Institute provided 
weather data from the  nearest meteorological station at 
Segovia, approximately 9 km  from the  study area. This 
station was selected for offering the most complete records 
of weather variables than stations closer to the study area. 
Data from this meteorological station have been previously 
used to demonstrate effects of weather on several  factors 
related to avian biology in the same study area (Sanz et al. 
2003,  Lobato  et  al.  2006).  Daily  meteorological data 
provided included maximum and minimum temperature, 
rainfall and wind speed. The latter variable was recorded at 
four different times of the day (00.00, 07.00, 13.00 and 
18.00, local time GMT+01.00). To estimate temperature 
and  wind speed during the  insect sampling period, we 
calculated the average of each maximum and minimum 
temperatures and wind speeds recorded at each recording 
time during the period of vector capture. Also, to estimate 
the effect of rainfall on vector abundance, we calculated a 
presence/absence index of precipitation during the sampling 
period of biting flies. 
Statistical  analyses were conducted using general linear 
models (GLM; Statistica version 6.0, StatSoft, Inc. 2001). 
To  investigate  the variables  affecting blackfly and biting 
midge abundance we included in  the  model the  avian 
host species  (3 groups), the presence/absence  of rainfall, 
and their interactions   as factors, as well as hatching date 
(a variable reflecting avian reproductive phenology), brood 
size, average minimum  temperature, average maximum 
temperature and  average wind  speed as covariables. In 
order  to  simplify and  because blackflies are considered 
diurnal while the majority of biting midges are crepuscular 
(see introduction  for  more  details and  references), we 
included average wind speed recorded at 7.00, 13.00 and 
18.00  in  the  model explaining blackfly abundance and 
average wind speed recorded at 00.00, 7.00 and 18.00 in 
the  model  explaining biting  midge  abundance. Black- 
fly and biting midge abundances were logarithmically, 
log10(x+1),  transformed to normalize their distributions. 
Residuals of each model were tested for normality. 
 
 
Results 
 
A total of 86 nests (33 blue tit nests, 36 pied flycatcher nests 
and 17 great tit nests) were included in this study. Hatching 
date differed between species  (F2,83 =66.17,  P B0.001) 
with great tits breeding earlier in the season followed by 
blue tits and pied flycatchers. Also, avian species differed in 
brood size (F2,83 =71.72, P B0.001). As expected  from the 
ornithological literature, post-hoc analyses revealed that 
brood size was lower in pied flycatcher  than in blue tits 
(LSD test, P B0.001)  and great tits (P B0.001)  while no 
significant differences between blue and  great tits  were 
found (P =0.18). 
Overall, 556 blackflies were captured in nests (Table 1). 
Results from the  model are shown in  Table 2  (model: 
adjusted  r2 =0.52,   P B0.001).   Blackfly abundance  in 
avian  nests   was significantly and  negatively associated 
with the minimum temperature (Fig. 1) and wind speed 
at 07.00 (Fig. 2), but positively with wind speed at 18.00. 
In  addition,  we found  positive associations between 
blackfly abundance and  brood  size and  hatching date. 
 
Table 1. Prevalence (%), mean abundance (9SD) and range of infection intensity of blackflies and biting midges captured in nests of great 
tits Parus major, blue tits Cyanistes caeruleus and pied flycatchers Ficedula hypoleuca during the breeding season of 2007. 
 
Blackflies Biting midges 
 
 Prevalence Abundance Range Prevalence Abundance Range 
Great ti  t 88 10.9910.7 0—38 100 30.2941.7 1—132 
Blue tit 88 9.0911.  3
2.193.5 
0—43 94 48.2961.2 0—266 
Pied flycatcher 56 0—18 100 173.89274.1 5—1587 
  
Table 2. Results of  a general lineal  model  (GLM) relating the 
blackfly  abundance in  avian nests with  variables under study. 
Significant relationships at P B0.05 are marked in bold. 
 
 
1,6 
 
B
la
ck
fly
 a
bu
nd
an
ce
  d.f. F P  
1,2
Maximum temperature 1,73 0.003 0.96 
Minimum temperature 1,73 4.00 0.049
Wind speed at 07.00 1,73 8.35 B0.01 0,8Wind speed at 13.00 1,73 0.09 0.77 
Wind speed at 18.00 1,73 4.80 0.03 
Hatching date 1,73 9.45 B0.01 
Brood size 1,73 21.12 B0.001 0,4
Presence of ra falls in 1,73 2.06 0.16 
Avian species 2,73 0.46 0.63 
Avian species xrainfall interaction 2,73 1.78 0.18 0,0
 
The remaining variables included in the model were not 
significantly  associated with blackfly abundance. 
Overall, 8,360 biting midges were captured (Table 1). 
Results from the  model are shown in  Table 3  (model: 
adjusted r2 =0.39,  P B0.001).  Biting midge abundance 
was negatively  associated with wind speed at 07.00 but 
positively associated with hatching date and  brood size. 
Also, biting midge abundance was significantly  higher in 
pied flycatcher nests than  in  tit  nests, while differences 
between nests of blue and great tits were not significant. 
Finally, biting midge abundance tended to be greater when 
rainfall events occurred. The remaining variables included 
in the model were not significantly associated with biting 
midge abundance. 
 
 
Discussion 
 
Here we present the first evidence of a strong effect of 
weather measured as minimum temperature and wind 
speed on  biting fly abundance in  avian nests. Environ- 
mental effects on flying insects may vary between insect 
species, in relation to their specific biological developmental 
requirements, breeding habitat preferences or their patterns 
of activity. The close association between weather variables 
makes it difficult to disentangle the potential differential 
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Figure 2. Relationship between average wind speed (Km/h) 
measured at  07.00  local time  and  blackfly abundance (adj. 
r2 =0.06,   P =0.02)   in  avian nests.  Blackfly abundance  was 
log10 transformed. Regression line is shown. 
 
effects of each weather variable on the abundance or activity 
of biting flies. However, studies in laboratory conditions 
have found that the flight activity of blackflies  varied in 
response to  changes in  either temperature or  humidity 
conditions, while the  other  variable was kept  constant 
(Shipp et al. 1988), suggesting that different combinations 
of humidity and temperature may affect the activity of these 
flies. In  this  respect, according to  our  results, blackfly 
abundance decreases  with an increase in minimum tem- 
peratures suggesting that, in our study area, high minimum 
temperatures may negatively affect blackfly development  or 
their activity locating hosts. Also, if temperature and rainfall 
recorded during the capture period were partially related 
with conditions during previous days, it is possible that an 
increase in the minimum temperature could directly affect 
blackfly abundance through its effect on the availability of 
breeding sites. That  is, small streams in  our study area 
usually dry up as temperature increases (authors’ pers. obs.) 
and  it  is known that  blackflies need running water for 
breeding (Kettle 1995, Lehane 2005). In addition, the 
positive effect of rainfall events which may directly favour 
the availability of breeding sites is also partially supported 
by the marginally positive relationship found between the 
presence of rainfall and biting midge abundance. 
In addition, we also found a clear negative effect of wind 
speed  at  07.00  on   both   blackfly and  biting  midge 
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Table 3. Results of a general lineal model (GLM) relating the biting 
midge  abundance in  avian  nests with  variables under  study. 
Significant relationships at P B0.05 are marked in bold. 
df F  P 
Maximum temperature 1,73    B0.001 0.98 
Minimum temperature                           1,73       0.05          0.82 
Wind speed at 00.00                              1,73       0.15          0.70 
15 Wind speed at 07.00 1,73 4.16 0.045 
Minimum temperature 
 
Figure 1. Relationship between average minimum  temperature 
and blackfly abundance (adj. r2 =0.23, P B0.001) in avian nests. 
Blackfly abundance was log10 transformed. Temperature was 
measured in 8C. Regression line is shown. 
Wind speed at 18.00 1,73 1.96 0.17 
Hatching date 1,73 7.52 B0.01 
Brood size 1,73 8.94 B0.01 
Presence of rainfalls 1,73 3.18 0.08 
Avian species 2,73 5.11 B0.01 
Avian species xrainfall interaction 2,73 1.04 0.36 
  
abundance in avian nests. It is generally accepted that adult 
biting midges are nocturnal or crepuscular while the activity 
of adult blackflies is essentially diurnal, with a peak of 
activity early in the morning and ceasing with the onset of 
darkness  (Lehane 2005, see more references  in introduc- 
tion). Our  results agree with this pattern because higher 
wind speeds at these times may hinder biting flies from 
contacting hosts by reducing their flight capacity or 
affecting their  capacity for  host-location. Although the 
degree of  the  adverse effect of  wind  speed on  insect 
abundance  may  vary between insect  species   (Edwards 
et al. 1987), it is reported that wind speed is a limiting 
factor affecting the activity and biting habits of biting flies 
(Davies 1957, Kettle 1968a,b, Fredeen and Mason 1991, 
Martin et al. 1994, Marquardt et al. 2000). In addition, 
Smith  et  al.  (1998)  previously suggested that  blackfly 
abundance in avian nests may decrease as wind velocity 
increases, however in that  study authors did not  collect 
systematic  data on wind velocity  to test this assumption. 
However, we also found a positive effect of wind speed 
at 18.00 on the abundance of blackflies in avian nests. The 
differing effect of wind measured at 07.00 and 18.00 on 
blackflies  could be due to the fact that in the later time 
temperatures are usually hotter than early in the morning 
and wind could reduce the ambient temperature, favoring 
blackflies mobility. In fact, Berzina (1953) (see in Davies 
1957)  found  that  wind  depressed the  blackfly landing 
activity on  man  at unfavourable temperatures while 
stimulated it at optimum temperatures. 
Our  models explain 52%  of the variance in blackfly 
abundance and 39% in biting midge abundance. Models 
including only the abiotic variables explain 31%  of the 
variance in blackfly abundance and 20% in biting midge 
abundance  (see Tables 2 and 3). Previously, it was reported 
that nest size, nestling condition, female infection status, 
the abundance of other ectoparasites  and parental provi- 
sioning rates may also affect the total abundance of 
haematophagous  flies in avian nests (Toma´s  et al. 2008b). 
In this sense, our results support the role of biotic factors 
affecting biting  flies?   animal-seeking activity, especially 
those related to phenology, brood size and host species. 
The association found here between biting fly abundance 
and hatching date is in accordance with previous studies on 
biting flies and birds in the same area (Toma´s et al. 2008b, 
Mart´ınez-de la Puente et al. 2009). Another study in 
Central Spain, also found an increase in  blowfly pupae 
abundance in  pied  flycatcher nests with  the  advancing 
season (Merino and Potti 1995), pointing out to an effect of 
weather conditions on development and/or activity of flying 
insects. In addition, if there are differences  in quality of 
early-nesters, relationships among hatching date and biting 
fly abundances could be partially confounding. We also 
found a strong positive association between brood size and 
biting fly abundance. Previously, Anderson and DeFoliart 
(1961) found that host size, more than other factors, 
explained Simulium rugglesi  abundance being attracted to 
various bird species, and other studies lend support to the 
association between brood  size of  birds and  biting  fly 
abundance (Dow et al. 1957, Toma´s et al. 2008a, but see 
Ra¨tti et al. 2006). Moreover, we found a significant 
difference in  biting  midge abundance between tit  and 
pied flycatcher nests. This fact also suggests that factors 
other than brood size, (e.g. chemical cues) or simply the 
coincidence at the end of the season between the higher 
biting  midge  abundance and  pied  flycatchers breeding 
period, could affect the  differential abundance of these 
insects in avian nests. This differential preference of biting 
flies may have implications for disease epidemiology within 
the different avian species examined in this study. 
Finally, our results have implications for the potential 
impact of  climate change on  vectors  and  diseases. For 
example, during the period 1980—2001 an increase in May 
daily temperatures has been reported in our study area (Sanz 
et al. 2003). This implies that if water supply is maintained 
in  the  zone an  increase in  biting  flies abundance and 
diseases  transmitted by them could be expected. A better 
knowledge of determinants of biting fly densities is required 
given their role in favouring the evolution of high virulence 
of several important diseases (Ewald 1994). 
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